Abstract Neck pain is the cardinal symptom following whiplash injuries. The trauma mechanism could theoretically lead to both soft tissue and bone injury that could be visualised by means of MRI. From previous quite small trials it seems that MRI does not demonstrate significant tissue damage. Large prospectively followed cohorts are needed to identify possible clinically relevant MRI findings. The objective of this trial was to evaluate (1) the predictive value of cervical MRI after whiplash injuries and (2) the value of repeating MRI examinations after 3 months including sequences with flexion and extension of the cervical spine. Participants were included after rearend or frontal car collisions. Patients with fractures or dislocations diagnosed by standard procedures at the emergency unit were not included. MRI scans of the cervical spine were performed at baseline and repeated after 3 months. Clinical follow-ups were performed after 3 and 12 months. Outcome parameters were neck pain, headache, neck disability and working ability. A total of 178 participants had a cervical MRI scan on average 13 days after the injury. Traumatic findings were observed in seven participants. Signs of disc degeneration were common and most frequent at the C5-6 and C6-7 levels. Findings were not associated with outcome after 3 or 12 months. The population had no considerable neck trouble prior to the whiplash injury and the non-traumatic findings represent findings to be expected in the background population. Trauma-related MRI findings are rare in a whiplash population screened for serious injuries in the emergency unit and not related to a specific symptomatology. Also, pre-existing degeneration is not associated with prognosis.
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Keywords Magnetic resonance imaging Á Neck pain Á Prognosis Á Prospective studies Á Whiplash injuries Background Whiplash injuries are defined as the consequences of acceleration-deceleration traumas with energy transfer to the cervical spine. This mechanism of injury most often occurs in relation to car collisions, and both in frontal and rear-end impacts the cervical spine is subject to non-physiological stress loading [12, 28] . The cardinal symptom following whiplash injuries is neck pain. Some of the patients presenting with acute pain recover spontaneously within relatively short time [35] while other individuals exposed to whiplash injuries develop long-lasting and sometimes disabling symptoms [13, 18, 30] . The aetiology behind this lasting pain is largely unknown and most patients with long-lasting whiplash related symptoms end up with a diagnosis no more specific than chronic whiplash-associated disorders (WAD).
Most likely, several different aetiologies exist behind WAD and it seems relevant to address all components of the bio-psycho-social model in order to understand chronic WAD [11, 36] . Also, cultural factors such as compensation systems [6, 7] and general expectations of long-lasting symptoms [10, 27] seems to influence the prognosis after whiplash.
To explore the biological component of neck pain following whiplash injuries, studies of magnetic resonance imaging (MRI) have been performed in order to visualise potential damage to the cervical spine [3, 4, 8, 17, [21] [22] [23] 29] . Generally, very few identifications of traumatic lesions have been described in the acute phase after whiplash injuries and findings do not seem to be associated with the prognosis [4, 17, 29] . In previous trials, most findings were signs of pre-existing degeneration [3, 4, 29] , which has been observed to be associated with an increased risk of long-lasting symptoms [4, 5, 29] .
In one cohort, a considerable part of patients with chronic WAD were observed to have lesions in the upper cervical ligaments as visualised on MRI of the craniovertebral junction [21] [22] [23] . This study indicated that the alar and transverse ligaments as well as tectorial and posterior atlanto-occipital membranes can be damaged by whiplash injuries. However, it is not known whether these findings represent the aetiology behind the development of chronic pain in these individuals.
It seems that standard MRI is not the answer to finding the aetiology of WAD, but existing results are based upon small trials [3, 4, 8, 17, 29] , and only large prospectively followed series can potentially identify MRI findings that are clinically relevant in subgroups of patients. The objective of this trial was to assess (1) the predictive value of standard cervical MRI and (2) the value of repeating MRI after 3 month including sequences with flexion and extension of the cervical spine in a large consecutively enrolled patient population who had been exposed to whiplash injuries.
Methods
This study was part of a larger prospective trial carried out at two university centres. Participants in this present study were included in one of the centres after referral from emergency units and general practitioners in two counties with approximately 823.400 inhabitants [1] . Permission for the study was granted by the local ethics committee and for the database by the Danish Data Protection Agency. The study was conducted in accordance with the Helsinki II declaration.
Data collection
Persons who had acute symptoms after a rear-end or frontal car collision were considered potential participants. All eligible participants were visited by a project nurse in their home. If inclusion criteria were fulfilled, written consent to participate was obtained at this visit after verbal and written information about the study. Baseline self-reported data were obtained from a questionnaire filled in at this visit. Inclusion criteria were: age 18-70 years, debut of symptoms within 3 days after the motor vehicle accident (MVA) and maximum 10 days could pass from the MVA to inclusion. Exclusion criteria were fractures or dislocations of the cervical spine disclosed by standard procedures at the emergency unit, amnesia or unconsciousness in relation to the accident, injuries other than the whiplash injury, average neck pain during the preceding 6 months exceeding 5 on a box scale 0-10, where 0 = no pain and 10 = worst possible pain, significant pre-existing somatic or psychiatric disease, and known alcohol-or drug abuse. Subjects were also excluded if they could not read or understand Danish.
Participants with marked symptoms, and an expected increased risk of developing persistent symptoms, were allocated to a randomized clinical trial (RCT). The allocations was based upon risk factors for chronic WAD identified in previous trials. The risk factors were gender, pain, number of nonpainful complaints and cervical range of motion. These factors were combined into a ''risk score'' which determined allocation to the intervention trial. Pain above 4 or a summarised cervical range of motion of 240°o r less across the six movement directions was considered high risk on its own. Participants in this RCT received one of three interventions: (1) immobilisation in a semi-rigid collar followed by exercises, (2) active mobilisation, or (3) advice to act as usual. There was no relevant difference in outcome after 1 year between these three treatment groups [20] . Those with milder symptoms were allocated to a study in which they were randomized to either written or oral advice to act as usual. Due to limited MRI capacity, participants in this study were randomly drawn from the main population such that about 2/3 from the 3-armed RCT and 1/3 from the advice-study were enrolled for MRI. In this way, participants with more severe symptoms were given higher priority. Within each of the two sub-trials the chance of being selected for MRI was the same within each treatment group. Clinical follow-up was performed 3 and 12 months after the injury. Participants were not informed about the result of the MRI in order to avoid a potential influence on the prognosis.
MRI procedures and variables
The MRI was performed with an open, low field 0.2 T magnetic resonance unit (Magnetom Open Viva, Siemens AG, Erlangen, Germany) at baseline and after 3 months. Imaging was performed using a neck surface coil. The following sequences were used: After 3 months, the sequences (1), (2), (3), and (6) were repeated and in addition sagittal T2 weighted turbo spin echo, 4,762/134 (TR/TE), 230 mm field of view, 6-mm section thickness with flexion and extension of the cervical spine were performed.
The MRI readings followed a predefined protocol and the radiologist was blinded regarding symptoms and results of clinical examinations. The radiologist has previously demonstrated ability to do reliable readings of lumbar MRI [34] . For description of variables and gradings, see Table 1 . Bulging and protrusions/extrusions were registered as traumatic in case of hyperintensity of the disc on T2 weighted images and/or visible lesion of paraspinal soft tissue or spinal cord at the level with the altered disc contour.
Clinical outcome variables
Self reported clinical data were used as outcome measures. Follow-up data were collected from a mailed questionnaire. In case, subjects refused to fill in the 1-year questionnaire, they were asked to participate in a short telephone interview. The interview included whether symptoms related to the accident were still present and information about their working ability the preceding month. Participants scored their average intensity of neck pain, radiating arm pain and headache the preceding week on a box scale 0-10 (0 = no pain and 10 = worst possible pain) [14] . Neck disability was measured by the 15-item Copenhagen neck functional disability scale (0 = no neck disability and 30 = extremely disabled) [16] . The scales for measuring pain and disability have been validated in other spinal pain populations [2, 16] . Self-reported working ability during the 12th month after the injury was registered by marking days with sick listing and reduced working hours in a calendar constructed for this trial. The answers of the calendars were controlled on a spot sample basis by a secretary who checked that participants understood how to fill them out.
Data analysis
Pain intensities were dichotomised into ''mild'' (0-4) and ''considerable'' (5-10) [9] . Disability scores from 0 to 6 were defined as ''minimal'' and scores [6 as ''considerable'' [16] . Missing items in the neck disability scale were replaced by worst case scores if a maximum 2/15 items were missing, and no disability-score was calculated if more items were missing. The ability to work was only analysed at 1-year follow-up. It had a dichotomous distribution and was split into (1) ''unaffected working ability'' if no days with sick-listing or reduced working hours were reported during the 12th month after the accident, and (2) ''affected working ability'' if any sick listing or days with reduced working hours were reported during that period, or if no longer working because of the accident.
The MRI findings were grouped from all levels into one dichotomised variable for each type of finding. This meant that, for example, disc bulging was analysed as ''present'' no matter if present at one or more levels. Because of few findings, these variables were afterwards combined into the explanatory variables: No abnormal findings, mild preexisting disc degeneration, moderate/severe pre-existing degeneration and traumatic finding ( Table 2) .
The predictive value of MRI was only analysed in relation to baseline MRI since 3-month MRI findings were almost similar (please refer to results). Associations were sought between the explanatory variables and each dichotomised outcome measure and presented as odds ratios (OR) with 95% confidence intervals (95 CI). The statistical package STATA 8 (release 8.2, Stata Corp., TX) was used for statistical analyses.
Results

Study sample
A total of 408 participants were included in the main trial. From these, 213 were randomly drawn for inclusion in the present MRI study and 178 had an MRI scan performed (=''MRI-population''). The main reason that not all included had the MRI scan was non-attendance to the appointment. Unfortunately, non-participation to the second MRI was frequent (Fig. 1) . The MRI-population had slightly more severe symptoms and cervical range of motion was significantly reduced compared to those who were not selected for MRI, which was expected from the selection criteria. Other differences between participants who had an MRI scan and the remainder population were non-significant. Those included in the MRI study, but who did not have the MRI performed (''MRI-missed'') tended to have less severe symptoms and were less frequently sick listed at baseline. See Table 3 for baseline data. MRI findings-baseline
The baseline MRI was performed median 13 days after the injury (IQR 5-27 days). The most frequent findings were signs of pre-existing degeneration (Table 1) . In 139/178 (78%) of participants, at least one disc was classified as having reduced signal intensity. Also, reduced disc height was frequent. Frequencies of MRI findings are listed in Table 1 . Bulges or protrusions of one or more discs were present in 35/178 (20%) of the participants. According to the predefined criteria, this was assessed to be of traumatic origin in three cases. The level with disc bulges, protrusions/extrusions and Modic changes was most frequently C5-C6, and foraminal stenoses were most common at the C5-C6 and C6-C7 level ( Number of foraminal stesnoses, disc bulges/protrusions, and Modic changes at each cervical level a Modic type I or II described at one or both adjacent vertebrae expected, degeneration was related to age (Fig. 2) . In 7 participants (6 females, 1 male), findings of possible traumatic origin were observed (Table 5 ).
MRI findings: 3 months
Most findings were similar at the baseline and the 3-month MRI: 39 cases had no abnormal findings at the two examinations, 17 cases had mild degeneration at both MRI, and in 26 cases moderate/severe degeneration was present both times. Three participants with no abnormal findings at baseline presented with findings after 3 months: one with mild degeneration, one with Modic type I and one showed minor instability with anterolisthesis in flexion.
Three cases with, respectively, Modic type II, a foraminal stenosis, and a bulge at baseline, normalised at 3 months. Only three of the seven participants with traumatic findings at baseline were re-examined at 3-month follow-up. One had a bulge as at baseline, the others with prior bleeding or oedema had no abnormal findings.
Five participants did only show up for the 3-month MRI. The MRI was normal in three of these cases, one had mild degeneration, and one a protrusion at C2-3.
Clinical outcome
At the 3-month follow-up, 40% of the MRI population reported considerable neck pain and/or headache. At the 1-year follow-up the corresponding number was 44%. The disability score indicated considerable neck disability in 39 and 50 % of the population at the 3-and 12-month follow-up. After 1 year, 12% had reduced working ability.
Associations between MRI findings and baseline symptoms
Descriptions of the cases with traumatic findings are summarised in Table 5 . These participants had significantly more intense headache at baseline (Wilcoxon rank sum, P \ 0.01). Intensity of neck pain and radiating arm pain at baseline did not differ between the participants with traumatic findings, those with pre-existing degeneration and participants with no abnormal MRI findings (Table 6 ).
Associations between MRI findings and outcome
In cases with traumatic MRI findings, a trend towards more intensive neck pain and headache (Figs. 3, 4 ) and higher frequency of considerable neck pain at 3 months follow-up (OR 8; 95 CI 0.9-75) were observed compared to subjects without traumatic findings (Tables 6, 7) . Also, after 1 year it was observed that considerable headache was more frequent in the group with traumatic findings (OR 2.8; 95 CI 0. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] and this group had a higher median headache intensity (Table 6 ). These above mentioned associations were not significant and the group did not differ otherwise from other participants ( Table 7) .
Pre-existing degeneration was not associated with the 3-month outcome. In relation to 1-year outcome moderate/ severe pre-existing degeneration was associated with reduced risk of lasting pain (Table 6 ). This association was not significant when baseline pain was taken into account. No other potentially relevant associations between MRI findings and outcome were observed. Additional information from the 3-month examination was too sparse to warrant further analysis.
Discussion
This is to our best knowledge the largest study to date presenting MRI data from a prospectively followed whiplash population. The results of this study confirmed that traumatic findings visible at standard cervical MRI are rare following whiplash injuries, and no distinct symptomatology or prognosis was related to the findings present. However, a tendency towards more severe neck pain and headache was observed in subjects with traumatic findings. It should be noted that this population was screened by standard procedures in the emergency unit before referral to the trial, and patients were not included if fractures or dislocations were diagnosed at that time. The population, therefore, represents patients who are considered to have soft tissue injuries.
Our results were not in line with the prior studies' observations of pre-existing degenerative findings being related to a poor prognosis [5, 31] . Signs of disc degeneration considered to be pre-existing were frequent but not related to more intense pain at neither baseline nor followup. One explanation for our results being contradictory to previous findings regarding this issue might be that we excluded persons with considerable neck pain prior to the accident. This way we may have excluded potential participants with painful degenerative changes. One could hypothesise that the associations previously observed between degenerative changes and long-lasting pain after whiplash were driven by inclusion of patients who had symptomatic degeneration prior to the accident.
Contradictory results could also very well be a result of association found by chance in previous small trials. We observed that reduced disc signal or lowered disc height is practically always present in individuals above 40 years. Further, disc bulges/protrusions at the C5-6 and C6-7 levels were common as observed also in asymptomatic subjects [24, 25] . The population had no considerable neck trouble prior to the whiplash injury and data on pre-existing findings most likely represent findings as in a general population. Modic changes that are shown to be highly related to pain when present in the lumbar spine [19] , were also present in the cervical spine. Most Modic changes were observed at the end-plates adjacent to a herniated disc. It cannot be evaluated in the present study design whether Modic changes in the cervical spine are related to pain. This was the first study presenting MRI data from examinations performed shortly after a whiplash injury and repeated in the subacute phase, and the first to include MRI performed in cervical flexion and extension. Although only half of the population was rescanned, it showed that the MRI performed at 3-month follow-up provided very little additional information, and minor signs of instability in flexion or extension were only visualised in one subject.
Some limitations of this study should be taken into consideration. First, the baseline examinations were generally performed later than planned. The interval between the accident and the MRI was on average 11 days and in 20 cases of more than 3 weeks. It is possible that signs of minor tissue damage visible on MRI could vanish before the MRI examinations were performed. However, in one previous study MRI was performed within 2 days after a whiplash injury and no signs of acute injury were seen [4] . Moreover, six of seven cases with traumatic findings in the present study had MRI performed between eight and 22 days after the injury. Hence, at least some traumatic findings are still visible that late. Second, it was a shortcoming of this study that a large number of included subjects did not complete the MRI planned at 3-month follow-up. About half of the population (108/213) did not meet for the second MRI. A large part of those who did not meet also did not return questionnaires, and their clinical status is thus unknown. It is a limitation of the study that all participants invited to have a MRI scan did not show up. It does, however, seem unlikely that persons who did not show for the scan had a more serious impact than the participants and the lack of such participation is not expected to result in ignorance of significant findings and hence did not alter conclusions. These patients would not be offered an MRI outside the research setting and it is very likely that the more severely hurt would be motivated for the MRI. Still, it should be recognised that no firm conclusions can be drawn concerning the value of introducing MRI including scans in flexion and extension after 3 months. Third, we performed MRI using a low-field system. The better signal-to-noise ratio in high-field systems might reveal findings that were not visible in these scans. On the other hand, the low-field system have less chemical shift, susceptibility and flow artefacts, the evaluation of subchondral bones is better by low-field and the patient tolerance is slightly better [32] . Also one multi-centre study found comparable diagnostic accuracy in spinal disease using a low-field 0.2 T Magnetom Open as used in this study and a high-field MRI system [26] . To our knowledge low-and high-field have not been compared in relation to cervical trauma.
A fourth consideration is that having known more recent results demonstrating signs of injury to the upper cervical ligaments in chronic whiplash-associated disorders [15, [21] [22] [23] when planning this study, we would have focused more upon the upper cervical spine. The importance of upper ligament injuries should be evaluated in future prospective trials. Finally, concerning the examinations with flexion and extension it should be noted that these were carried out in the supine position and that pain in some instances hindered examinations in the outer range of motion. X-ray with patients standing or sitting could be a better choice for this part of the examination. However, pain provocation also limits the value of this examination. It should also be considered whether functional imaging, instead of traditional images in the outer range of motion, is relevant in this group of patients. It has been suggested that C1-2 instability can be diagnosed in some patients with chronic WAD by functional MRI [15, 38] . These results are not validated and ought to be elucidated further before any clinical consequence can be made from such findings. Another potentially relevant approach to these cervical spine injuries is multi-slice CT-scan [37] which may be superior to MRI in detecting bone avulsions.
We agree with previous statements that cervical MRI is not relevant as a standard procedure following whiplash injuries [4, 33] unless herniated disc is clinically suspected. So far, prospective studies have not focused upon upper cervical ligaments. This might disclose significant findings and ought to be evaluated. We observed a tendency towards more intense headache in participants with traumatic MRI findings, and it cannot be ruled out that the infrequent signs of tissue damage represent the aetiology behind lasting pain in some cases of chronic whiplashassociated disorders. In that case, this will explain symptoms only in a very small subgroup of patients.
Conclusions
In conclusion, MRI is not the answer to a diagnosis in the vast majority of patients developing long-lasting pain after a whiplash injury, and early MRI scans do not predict prognosis. It may be relevant to focus future trials upon imaging of the upper cervical spine including functional imaging. Vach and associate Professor Lars Korsholm, Department of Statistics, University of Southern Denmark for statistical advice regarding the design of the study. Thanks to Alan Jordan, PhD, for proofreading. The study complies with Danish laws and was approved by the local ethics committee. Percentage of the MRI populaiotn with considerable pain, considerable disability, reduced working ability at 3 months and 1 year follow-up. Absolute numbers are presented in brackets if cases were few a Discrepancies from n = 7 are due to missing values
